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Abstract 
An integrated GIS-based analysis system for water environment influence on the urban system around lake areas was 
developed in this paper. The IGAS consists of the theoretical assumption, the theoretical model and the GIS-based 
application module. Lake effect hypothesis and urban spatial structure theory are used to put forward the theoretical 
assumption and the diffusion model by Bass is developed to explain the influence effects that water environment 
affects urban system around lake areas. Meanwhile, the buffer zone analysis, nonlinear regression, extreme equation 
and thematic mapping are used to construct the application module, respectively. A case study implementing the 
system was performed on the urban system around Poyang Lake areas, China, which is under significant water 
environment influence.  
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1. Introduction 
Why do cities locate where they do? What does locations, growths and the ages of some cities tell us 
about their spatial interactive relationships to natural environment in an urban system? To answer such 
questions, regional sciences has recently returned to the mid-twentieth century works of geographers such 
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as Christaller[1] and Pred[2], and furthered their basic ideas with the tools of modern spatial theory and 
technique, including Krugman’s dynamic evolutionary model of urban system and GIS[3,4]. Lake is a 
typical natural environment and it takes an important impact on the human habitats distribution and plays 
an effective role on the spatial structure differentiation of the urban system around lake areas. Since recent 
years, studies of lake influences are mainly conducted within watershed and regional contexts[5], focusing 
on meteorological and hydrological effects around lake areas [6] and social-economic impacts from water 
environment value of lake[7]. Furthermore, a number of innovative approaches are applied in lake 
influence assessment, covering numerical simulation, regression analysis and GIS technique such as 
buffer zone and thematic mapping as well[8,9]. In spite of above achievements, there is still a lack of 
studies that concern with theoretical model so that they fail to explain how lakes influence the urban 
system. The special features around lake areas, such as the discord between rapid urban system expansion 
and maintenance of natural water bodies and ecological services, make the analysis of lake influences in 
these areas unique. In addition, although the GIS techniques are acknowledged to be a powerful tool and 
are successfully used, any single method will not be effective for lake influences to be analyzed around 
lake areas. Therefore, an integrated GIS-based analysis system and method are essential for tackling the 
problems. 
2. Theoretical assumption and model 
2.1 Theoretical assumption 
From the perspective of natural geography, lake effect refers to the effect that lakes impact on the 
surrounding area, such as the temperature, rainfall and surface environment as well. Because the heat 
capacity of water is bigger than that of the land, lakes will narrow the gap of temperature around lake 
areas, which will regulate the local ecological environment, and form the benign microclimate to 
circulate. Obviously, lakes not only affect the spatial distribution of cities, but also impact urbanization 
level, by which influences the urban system. To analyze how lakes specifically influence urban system 
around lake areas, we need to refer the theoretical model of urban spatial structure to explain it. Among 
the urban spatial structure theories, the urban land use space model by Alonso[10] is the most influential, 
who analyzed the relationship between location, rent and the land use. As Alonso pointes out, because of 
budget constraints, different land users have different economic profit to the same location and the 
diminishing benefit rates make city be circle structures along with the distance increasing from city center 
to the peripheral zones. Based on the urban land use space model by Alonso[10], we take the lake instead 
of the city center as the core area to analyze the effects on urban system from lake. However the lake is 
different from the city because it extends from the center until the lakeshore belt. According to the lake 
characteristic, it is impossible to build cities in the lakeshore belt, but with the distance changing from the 
lake to lakeshore belt, the urban density will also change. To construct the simply spatial model that lake 
influences urban system, the theoretical assumptions have to be put forward: Firstly, the lake being taken 
as the center, it can be divided into three urban distribution zones according to its distance away from the 
lake center to the peripherals. Secondly, in the first and the second urban distribution zone, urban density 
will increase gradually firstly and then gradually decreases with the distance increasing. Thirdly, in the 
third urban distribution zone, the lake influence is gradually weaker because the cities might be affected 
from the geographical elements in other area so that the urban density will gradually increase again.  
2.2 Theoretical model 
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Since the Bass model with which used to research the spread of new products proposed by Bass 
(1969), it has gradually become the mainstream tool of studying the technological innovation diffusion. 
Because the modeling ideas basically comply with lake effect hypothesis and the distribution law of the 
urban spatial structure model, we can develop it to explain the influence effects that water environment 
affects urban system around lake. Its basic form is: 
f( t)= (1 -F (t)) (p + q F (t))                                                                                                                     
(1) 
Based on the lake effect hypothesis, we expand the diffusion model of Bass, and we can have:  
f ( r )  =  ( 1  - ( + ) H ( r ) ) ( p + q ( + ) H ( r ) )b c b c
a b a b
                                                                                 
(2)                          
Where r is the radius of urban distribution zone from lake center to the peripherals; f ( r )  is the 
marginal influence benefits; H ( r )  is the relative potential influence benefits. When 
H(0)=0, ( b a + c b ) H(R)=1,0≤ ( b a + c b ) H(r)≤1, R is the  maximum diffusion radius; a is the 
habitable coefficient around lake areas, b is the influence coefficient from lake; c is the influence 
coefficient  from other geographical elements; b a  is the relative ratio of the lake to suitable living 
conditions, c b  is the relative ratio of other elements to the lake; p is the influence coefficient from 
urban individual factor; q is the influence coefficient from the not individual factor. To solve Eq. (2), we 
can get Eq. (3): 
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Where F (r) is the absolutely potential influence benefits from r. Thus, the actual influence benefit of 
this place is: 
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To derive  Eq. (4), we can get: 
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(5) 
Where the conclusions can be obtain as follows: (1) If the urban distribution zone is close to lake 
center, i.e. , 0b a c> =  and G '( r ) ≥0, the influence force on urban system from the lake gradually 
increases with the distance to increase. (2)If there are not other geographical factors to influence, 
i.e. , 0a b c> = and G '( r ) ≤0, the influence force on urban system from the lake gradually reduces with 
distance to increase. (3) If the influence forces from other geographical factors are greater than that of the 
lake, i.e. c > b > a 0≥ and G '( r ) ≥0, the influence force on urban system from the lake rapidly decreases. 
3. An application 
3.1 Data and aimed area 
The data is from the national basic geographic information system database that is labeled the 
nationwide scale 1:400 million. We use the ArcGIS software to extract the region unit data at the level of 
point, line and area, Poyang Lake planar data and the main highway traffic data. Poyang Lake is located in 
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the northern of Jiangxi province of China. According to the theoretical assumption about the lake effect, 
we consider the social-economic, geographical and other factors to define the aimed area, i.e. Poyang 
Lake as the core, and six contiguity districts and cities around Poyang lake as the neighborhood area, 
where is about 53190 square kilometers. Meanwhile, to consider the time consistency and comparability 
of the minimum units, we select the county administrative districts for the smallest research units. 
3.2 Methods 
The data is firstly calibrated with the same coordination system and buffer analysis is implemented by 
using of GIS. Furthermore, the aggression and statistical analysis are done based on the above theoretical 
model. Nevertheless, we use the square curve equation and cubic curve function to estimate the trigger 
points for the urban system. Lastly, we employ thematic mapping and spatial classification to draw a 
reliable explanation. 
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3.3 Results analysis 
3.3.1 Buffer zone analysis and extreme equation 
We obtain urban number, road length and buffer areas by buffer analysis, and make the trend line of 
urban density changing and traffic density changing respectively, then take an extreme analysis on the two 
trend lines. The results show that the extreme values of urban density changing and traffic density trend 
lines x1 and x2 are 20.71,21.63 and 12.33 and 32.83 respectively, thus the corresponding radius of urban 
density and traffic density can be 47.48 cm, 49.51cm and 31.73 cm,84.09cm. According to the 
preliminary statistical results, we take the extreme point as the initial boundary of urban distribution zones 
and use three colors to depict the three influence area respectively, and combine the contiguity districts to 
obtain the ultimate buffer radius of the three urban distribution zones are 32cm, 84cm and 110cm, 
respectively. 
3.3.2Thematic mapping and spatial structures 
Combining the above results and make the thematic maps, we get the three urban distribution zones 
(Fig.1), and further analyze the spatial differentiation of the urban system induced by lake: (1) The core 
zone includes Nanchang city and Jiujiang city, Nanchang country, Jianxian country, Jiujiang country, 
Hukou country, Duchang country, Xingzi country, De’an country, Yongxiu country, Dongxiang country, 
Poyang country, Yugan country and so on. The urban density is between 2.96 and 25.51 in this zone, and 
the traffic density is between 0.275 and 2.927, which indicates it is not suitable for urban subsystem to 
expand.(2)The marginal zone consists of Jingdezhen city, Yingtan city and Fuzhou city, Anyi country, 
Leping country, Fuliang country, Pengze country, Wuning country, Ruichang city, Guixi country, Yujiang 
country, Chongren country, Jinxi country, Jing’an country, Fengxin country, Fengcheng country, 
Zhangshu city, Gao’an city, Wannian country and Yiyang country and so on. The urban density is 
between1.99 and 95.82 and the traffic density is between 0.543 and 1.676 in this zone, which indicates it 
is suitable for urban subsystem to develop.(3)The peripheral zone is composed of Xin’gan country, Le’an 
country, Yihuang country, Nancheng country, Zixi country, Hengfeng country, Dexing city, Wuyuan 
country. The urban density is between 3.69 and 90.33 and the traffic density is between 0.283 and 0.756 
in this zone, which indicates it can be suitable for urban subsystem to develop on the condition of other 
natural factors. 
4.  Conclusions 
Based on the lake effect hypothesis and the urban spatial structure theory, we put forward the 
theoretical assumptions and develop the diffusion model by Bass(1969) to explain the influence effects 
that water environment affects urban system around lake areas. Meanwhile, we use the buffer zone 
analysis, nonlinear regression, extreme equation and thematic mapping to construct the application 
module, respectively. A case study implementing the IGAS system was performed on the urban system 
around Poyang Lake areas, China, which is under significant water environment influence. It shows that 
the urban density and traffic density will increase gradually firstly and then gradually decrease with the 
distance increasing from Poyang Lake to the peripherals, but with further distance being away from the 
lake, the influence from the other geographical factors is greater than that of the lake so that the urban 
density and traffic density are increasing correspondingly. Meanwhile, according to the extreme equation 
and thematic map attributes, we can divide the urban system around Poyang Lake into three urban 
distribution zones. The above result shows the IGAS not only can theoretically explain how lakes 
influence the spatial differentiation of the urban system, but also can provide a quantitative model that can 
be extended. 
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